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Introduction {#j_hukin-2015-0187_s_001}
============

The effectiveness of the coach's instructional process depends on how the athletes process the information provided by the coach. The active role of the learners has been highlighted in the paradigm of the mediating processes ([@j_hukin-2015-0187_ref_010]). The active processing of instructions is a determinant factor in the learning process (Anderson, 1969), meaning that information can be actively created by the receiver ([@j_hukin-2015-0187_ref_002]) and the learners' level of cognitive effort influences the quality of practice of the lesson ([@j_hukin-2015-0187_ref_015]). The athletes' retention of the information transmitted by coaches by means of feedback (FB) is essential to improve performance.

Providing feedback is one of the most important instructional strategies; supplying athletes with informative feedback about their performance is crucial in the instructional process ([@j_hukin-2015-0187_ref_006]; [@j_hukin-2015-0187_ref_012]; [@j_hukin-2015-0187_ref_021]). Feedback offers the learners informative critiques of their performance to show them how to improve current skill defects and correct misconceptions or errors ([@j_hukin-2015-0187_ref_013]).

Receiver selectivity theory ([@j_hukin-2015-0187_ref_016]) proposes that the facility to recall information depends on the extent to which receivers engage with and understand the communicator's messages, giving the athletes the ability to choose whether or not to respond to that information. [@j_hukin-2015-0187_ref_016] considered that selective perception was the process of attributing meaning to messages, which suggests athletes must dynamically interpret messages to create meaning and stimulate comprehension ([@j_hukin-2015-0187_ref_002]).

To make FB useful, it should not only be received, comprehended and reproduced, but also accepted ([@j_hukin-2015-0187_ref_014]; [@j_hukin-2015-0187_ref_017]). Research results show that mediating factors, such as attention, retention and memory capacity, influence athlete's performance ([@j_hukin-2015-0187_ref_003]).

Furthermore, perceived usefulness and ease of use are basic determinants of information retention ([@j_hukin-2015-0187_ref_009]). [@j_hukin-2015-0187_ref_019] also refers to the importance of relevance and acceptance of the information as a qualifier of the FB instructional process. Another variable that has been shown to influence retention of feedback is the athletes' motivation level ([@j_hukin-2015-0187_ref_018]) as there is a relationship between the latter and mental effort and concentration.

Studies about the retention process of instructional information in the field of sport activities have mainly considered the influence of variables related to the characteristics of the information transmitted (extension, the number of ideas, the objective and the form) and athletes' characteristics (age, gender, a school level and a practice level).

Research on this particular area in physical education ([@j_hukin-2015-0187_ref_004]; [@j_hukin-2015-0187_ref_008], [@j_hukin-2015-0187_ref_007]; [@j_hukin-2015-0187_ref_014]) and coaching ([@j_hukin-2015-0187_ref_017]; [@j_hukin-2015-0187_ref_020]) showed that considerable part of the information was not retained by the students or athletes and demonstrated that larger quantities of information transmitted by teachers or coaches made retention more difficult for athletes and students ([@j_hukin-2015-0187_ref_017]; [@j_hukin-2015-0187_ref_020]; [@j_hukin-2015-0187_ref_022]).

On the other hand, the effect of athletes' demographic characteristics on the instructional retention process is not completely clear. The retention of information did not differ according to the athletes' age ([@j_hukin-2015-0187_ref_017]; [@j_hukin-2015-0187_ref_020]), students' age ([@j_hukin-2015-0187_ref_014]) or the school level ([@j_hukin-2015-0187_ref_014]; [@j_hukin-2015-0187_ref_020]). However, in the training setting, the athletes' experience level was referenced as a differentiated variable ([@j_hukin-2015-0187_ref_020]) having more experienced players retaining more ideas.

As for the effects of the variables related to the information transmitted, namely its objective and the way in which it is given, they have been shown to influence the students' retention level ([@j_hukin-2015-0187_ref_005], 1998; [@j_hukin-2015-0187_ref_014]), however, the results found in various studies are contradictory. The literature shows that substantial part of the information is not retained but, more importantly, the influence of variables such as the context, athletes' characteristics and an instructional approach method (namely structure and nature) is not completely known due to a lack of data or contradictory results.

Indeed, only few studies have assessed the determinants of athletes' retention of feedback and there is a need to expand the research in this area. So far, the variables related to the retention of information have been studied separately, yet a more dynamic approach is needed in order to discover which contribute most to retention (or whether they do so) based on the use of dynamic models (such as regression analysis). This new approach could represent a major breakthrough in efforts to address this issue. Studies about the information retention process can help coaches to have a better understanding about the information retained by athletes, thereby optimizing instructional procedures and allowing reflection upon the instructional strategies.

In this study we focused on the athletes' retention of coaches' feedback during soccer practice sessions, analyzing the gap between the information that the coach transmitted and that which the athlete retained. An in-depth analysis was conducted on whether retention varied in relation to variables such as athletes' demographic characteristics, the structure and nature of the information, athletes' acceptance of the feedback and the athletes' motivation and attention level.

Material and Methods {#j_hukin-2015-0187_s_002}
====================

Participants {#j_hukin-2015-0187_s_002_s_001}
------------

The study that was conducted over the course of 18 soccer practice sessions, involved 12 coaches (8 males, 4 females, all with more than 5 years of professional experience) and 342 athletes (246 males, 96 females), aged between 10 and 18 years old. The athletes' sports level was as follows: 48 athletes were classified as having a very low level, 118 low, 112 high and 64 very high. This classification was based on the participants' level of competition, namely athletes playing at a local level, regional level, national level and international level. The observed instructional episodes involved 1728 FB information units emitted by the coaches during the training sessions.

Measures {#j_hukin-2015-0187_s_002_s_002}
--------

The interview was designed to capture the specified domain according to the theoretical framework. Content validity was assessed through a qualitative approach based on the expert review, involving three sport researchers from two different universities. Each expert received an e-mail containing the purpose of this study, an explanation of the procedures, a detailed description of the constructs and the list of questions proposed. There was complete agreement between the experts in this validation procedure and simply minor adjustments were made. Also, a pre-test with the refined interview was conducted on a sample from the target population, based on an application in a pilot study in which five lessons were used to see if the questions were easily understood and presented in an acceptable manner. In addition, there was preliminary training on observation and codification involving two members of the research team and during this training phase there was a discussion of the statements relating to each category of the feedback analysis system. The reliability of the observations was assured by an inter-observer and intra-observers' agreement, with a three week interval, from Bellack's percentage of the agreement formula (1966, as cited by [@j_hukin-2015-0187_ref_024]). Twenty percent of total instruction events were analyzed, considering that a minimum value of 10% was necessary to evaluate reliability ([@j_hukin-2015-0187_ref_023]). The lower values that we found were 93% for the inter-observer agreement and 95% for the intra-observers, which represented a strong agreement. [@j_hukin-2015-0187_ref_011] indicated scores greater than 75% to show adequate reliability.

Procedures {#j_hukin-2015-0187_s_002_s_003}
----------

After explaining the aims of the study and receiving the athletes or parents and coaches' informed consent, the training sessions were videotaped and instructions given during the sessions were recorded on an audio and video recorder. Data was collected in a normal training environment, under normal conditions of the training process. During the session, and after coaches' feedback, the athlete was approached by a researcher and a brief recall interview was given. The interview was designed to capture athletes' recall in relation to the coaches' feedback, asking the following questions: What did your coach say? Do you mind repeating this in your own words? After that, four questions about the athletes' perception of the relevance and acceptance of feedback, the task motivation level and the athletes' attention level were evaluated using a five point scale (1-very low; 5- very high).

In this study we examined different types of feedback transmitted by the coach without considering a specific type of feedback (i.e., motivational versus instructional based performance). All coaches' and athletes' interventions were then transposed to a written protocol, which was then submitted to content analysis. No athlete was inquired during a time of emotional instability and no question was considered particularly intrusive. The protocol complied with the requirements of the Declaration of Helsinki and received the approval of the Ethics Committee of the Faculty of Human Kinetics of the University of Lisbon.

Statistical Analysis {#j_hukin-2015-0187_s_002_s_004}
--------------------

A descriptive analysis was performed to obtain frequencies, means, standard deviations, minimal and maximal values. Multiple linear regression was also conducted, using a hierarchical model, considering as a dependent variable the retention of feedback (measured by the ratio between the ideas transmitted by the coach and those reproduced by athletes) and three independent variable groups: variables related to the athletes' characteristics (age, gender and a sports level); variables related to feedback (a number and redundancy or repeated ideas); variables related to athletes' perception of the attention level, acceptance of the coaches' feedback and the athletes' task motivation level. The requirements to use multiple linear regression were verified. Data was analyzed using SPSS V.19 software. The level of significance was set at *p* ≤0.05.

Results {#j_hukin-2015-0187_s_003}
=======

A descriptive analysis of the feedback transmitted by coaches ([Table 1](#j_hukin-2015-0187_tab_001){ref-type="table"}) shows that the total number of ideas transmitted (total number of ideas = number of different ideas transmitted + number of repeated ideas) by coaches per feedback ranges between 1 and 39, with an average of 5.05 ideas (information units). The average of different ideas transmitted (not considering the repeated ideas) was 3.96 (range between 1 and 23 different ideas). The length of the information transmitted by coaches ranges between 1 and 250 words, with the average being 28.91 words per feedback transmitted.

###### 

Descriptive analysis of the coherency of information retained by athletes, length of information, the total number of ideas and the different ideas transmitted.

  Variable                      *Average*   *SD*    *Max*   *Min*
  ----------------------------- ----------- ------- ------- -------
  coherency of information      57.02       25.33   100     0
  length of information         28.91       22.94   1       250
  total number of ideas         5.05        3.61    39      1
  different ideas transmitted   3.96        2.51    23      1

Total number of ideas = number of different ideas transmitted + number of repeated ideas. Different ideas transmitted = not considering the repeated ideas.

The results showed that substantial part of the information was not retained; in 65.50% of the feedback there were difficulties to completely reproduce the coaches' ideas and only 34.50% of the feedback was completely retained. On the average, the value of the feedback retention was 57.02%.

Globally, acceptance of the FB by athletes was very high (M = 4.63; SD = 0.56) and the athletes' attention level with regard to the FB was also very high (M = 4.23; SD = 0.60); the same for the athletes' task motivation level (M = 4.62; SD = 0.54).

Multiple linear regression ([Table 2](#j_hukin-2015-0187_tab_002){ref-type="table"}) shows that the model was significant (F (8.333) = 18.962; R^2^a = 0.296; *p* \< 0.1) and explained 29.60% of the feedback retention. Six variables with statistical significance were found: gender, the athletes' sports level, redundancy, the number of transmitted ideas, athletes' perception of the relevance of the feedback and the athletes' motivation level.

###### 

Summary of hierarchical regression analysis for variables predicting feedback retention (N = 342)

                              B         SE B    Β       *p*
  -------- ------------------ --------- ------- ------- ------
  Step 1   Gender             19.232    5.206   .239    .000
           Age                .205      .937    .014    .827
           Sports level       4.162     2.092   .109    .047
  Step 2                                                
           Gender             5.213     5.091   .065    .307
           Age                .292      .847    .019    .731
           Sports level       4.281     1.871   .112    .023
           Redundancy         10.653    1.713   .649    .000
           Number of ideas    -5.745    .644    -.941   .000
  Step 3                                                
           Gender             10.491    5.132   .130    .042
           Age                -.504     .873    -.033   .564
           Sports level       5.012     1.838   .131    .007
           Redundancy         10.483    1.702   .638    .000
           Number of ideas    -5.614    .642    -.920   .000
           Acceptance         7.561     3.159   .117    .017
           Motivation level   -12.220   3.333   -.183   .000
           Attention level    2.532     2.159   .057    .242

*R*^2^~a~ = .079 for Step 1; *R*^2^~a~ = .264 for Step 2; *R*^2^~a~ = .296 for Step 3.

Considering variables related to the athletes' characteristics, gender and the athletes' sports level significantly influenced the retention of feedback. Athletes with a higher sports level showed high values of feedback retention and the male group presented higher values of feedback retention than female athletes. The athletes' age was not a discriminate variable of feedback retention.

The number of different ideas transmitted by the coach and the redundancy (the number of repeated ideas) of the feedback significantly influenced the retention of feedback. When the number of transmitted ideas decreased, the coherence of information increased and athletes presented better retention than when the feedback redundancy was higher.

The athletes' task motivation level also affected retention of the feedback information: athletes with a higher task motivation level presented a lower level of retention. Also, the athletes' acceptance of the feedback information affected retention of feedback (athletes with a higher level of acceptance presented higher levels of retention). On the other hand, the athletes' attention level was not a discriminate variable of feedback retention.

Discussion {#j_hukin-2015-0187_s_004}
==========

The results of the present study indicate that substantial part of the feedback information was not retained by the athletes. Only one third of athletes completely reproduced the ideas included in feedback. Similar results were found by [@j_hukin-2015-0187_ref_017], [@j_hukin-2015-0187_ref_005] and [@j_hukin-2015-0187_ref_020].

The retention of feedback by the athletes in this study presented a mean of 57.02%. Similar results were obtained by [@j_hukin-2015-0187_ref_020], where mean retention equaled 61.9%. [@j_hukin-2015-0187_ref_017] and [@j_hukin-2015-0187_ref_014] found a higher mean value of retention, 68.7% and 68.4%, respectively.

Considering the effects of the athletes' characteristics on the retention process, divergent results have been found. In the present study, we found significant differences between levels of retention according to athletes' gender (the male group presented higher values of feedback retention), but this was not the case in the [@j_hukin-2015-0187_ref_017] study which revealed better retention by female participants.

In the present study, the athletes' sports level significantly influenced retention of information reproduced by athletes. Consequently, athletes with a higher sports level displayed higher values of retention. Similar results were presented by [@j_hukin-2015-0187_ref_020], where the authors reported that athletes with a higher sports level retained more ideas.

Globally, in this study, the variables related to the athletes' perception, namely acceptance of the information and the task motivation level, positively influenced retention of information.

The athletes' motivation level was associated with feedback retention as athletes with a higher motivation level displayed a lower level of FB retention. This evidence should be subject to further research, but part of the explanation may lie in the relationship between a higher task motivation level and mental effort or concentration ([@j_hukin-2015-0187_ref_018]). A high level of task motivation, sometimes enthusiastic, means a high involvement in the motor activity itself and a particular focus on the stimuli that come from the activity. This strong engagement with the task may impair the retention of FB information. The fact that athletes are overloaded by internal or external stimuli associated with soccer practice ([@j_hukin-2015-0187_ref_018]) might actually reduce their retention of external stimuli that come from external sources such as coaches' feedback and may affect retention of those external stimuli, namely retention of FB. The relationships between the level of motivation (task and ego motivation) and cognitive effort involved (such as the type of attention and concentration during instruction and practice) should be examined in future studies. In conclusion, the effectiveness of FB is a result of a transactional process between the coaches' instructions and athletes active processing of information. The athletes' perception and evaluation should be considered as a vital means of better coaching. More specifically, both instructional and motivational tasks should be considered to enhance skill acquisition. Contextual variables such as the type of motor tasks should also be considered as a key element.

It is suggested that future research should continue to examine other factors that may affect retention of instructions, namely contextual, socio-cognitive and emotional determinants. Thus, qualitative studies should be conducted in addition to quantitative ones to ensure a thorough understanding of athletes' information processing of feedback and other instructional information.
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